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FOREWORD 

The  great  similarity  between  animal  and 
vegetable  proteins  has  been  well  established* 
In  the  following  work,  an  attempt  has  been 
made  to  perfect  a  chemical  process  whereby  a 
casein  from  a  vegetable  source  can  be  produced 
and  applied  to  the  same  uses  as  animal  casein. 
The  isolation  and  purification  of  vegetable 
proteins  present  so  many  difficulties  that  de- 
velopment of  commercial  processes  has  been 
greatly  hindered.   The  literature  on  the  pro- 
duction of  vegetable  casein  from  any  source 
such  as  soy  beans,  is  very  meagre,  the  fact 
being  merely  mentioned  in  most  references. 

The  authors  wish  to  express  their  grat- 
itude to  Professor  McCormack  for  his  co-opera- 
tion in  their  investigation. 
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INTRODUCTION 

Although  casein,  in  the  fora  of  cheese,  has 
from  time  immemorial  played  an  important  part 
in  the  dietary  of  the  human  race  and  has  been 
produced  in  large  quantities,  its  chemical  com- 
position and  manifold  uses  in  the  technical 
world  were  unknown  until  comparatively  recent 
years.   Its  industrial  applications  in  brief 
are  as  follows:   dressing  for  textiles;  paints; 
cement  and  mucilage;  production  of  plastic  masses; 
paper  size;  photographic  plates;  imitation  leather; 
paper;  surgical  bandages;  etc. 

Owing  to  the  highly  diversified  uses  of  casein 
it  can  be  seen  that  a  product  obtained  from  veget- 
able origin,  produced  on  a  commercial  scale  to 
compete  with  animal  casein,  will  find  a  ready 
market. 
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THii  SOY  BKAN 

The  soy  bean,  from  which  we  propose  to  ex- 
tract casein,  is  a  plant  of  ancient  cultivation 
in  China,  Korea,  and  Japan.   Within  recent  years, 
it  has  become  of  special  importance  in  the  world's 
comnerce.   In  extent  of  uses  and  value,  it  is 
the  most  important  legume  in  Asiatic  countries. 
In  these  countries,  the  soy  bean  is  used  to  a 
very  considerable  extent  for  human  food.  As 
the  bean  contains  a  valuable  oil,  large  quan- 
tities are  utilized  by  first  extracting  the 
oil  and  then  using  the  cake  for  stock  feed  and 
as  a  fertilizer. 

Previous  to  the  Russian-Japanese  war,  China 
and  Japan  were  not  only  the  greatest  producers, 
but  also  the  greatest  consumers  of  the  soy  bean 
and  its  manufactured  products.  About  1908,  the 
first  large  importations  of  beans  were  received 
in  Europe  and  America  from  Ivlanchurian  ports. 
The  beans  were  utilized  by  extracting  the  oil, 
which  v/as  found  valuable  for  various  industrial 
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purposes,  leaving  the  bean  cake  as  a  stock 
food.   As  the  value  of  the  oil  and  cake  came 
to  be  recognized,  new  uses  and  markets  were 
found,  and  the  trade  in  soy  beans  became  one 
of  great  importance,  until  now  it  has  assumed 
such  large  proportions  that  the  soy  bean  has 
become  an  important  competitor  of  other  oil 
seeds. 

As  early  as  December  1915,  several  American 
cotton  oil  mills  had  turned  to  the  soy  bean  as 
a  source  of  oil  and  meal  on  account  of  the 
scarcity  and  high  price  of  cottonseed.   This 
utilization  of  American  grown  beans  for  the 
manufacture  of  oil,  cake,  and  other  products 
will  undoubtedly  greatly  stimulate  the  culture 
of  the  crop,  which  until  now  has  been  grown  in 
the  United  States  primarily  for  forage. 

It  is  only  within  recent  years  that  the 
soy  bean  has  become  a  crop  of  importance  in 
the  United  States.   The  large  yield  of  seeds, 
the  ease  of  growing  and  harvesting  the  crop,  the 


PRODUCTION  OF  VEGJiiTABLK  CASiilN 
value  of  the  beans  for  both  human  and  animal 
food,  and  the  value  of  the  oil  all  tend  to 
give  this  crop  a  high  potential  importance  and 
assure  it  greater  agricultural  development  in 
America* 

The  soy  bean  can  be  grown  successfully  on 
nearly  all  types  of  soil  and  has  about  the  same 
range  of  climatic  adaptation  as  varieties  of 
corn.   The  cotton  belt  and  the  southern  part 
of  the  corn  belt  are  most  favorably  situated 
for  the  production  of  seed.   The  soy  bean  is  an 
erect  annual  plant  with  branching,  hairy  stems, 
trifoliate,  more  or  less  hairy  leaves  rather 
inconspicuous  pale  lilac  or  violet  colored 
flowers,  and  broad,  two  to  five  seeded  pods, 
covered  like  the  stem,  with  stiff,  reddish  hair. 
The  seeds  vary  in  color  from  whitish  and  yellow- 
ish to  green,  brown,  and  black;  and  in  shape 
from  spherical  to  elliptical.   They  develop  best 
on  fairly  fertile  loams  and  clays  and  do  not  re- 
quire  a  well  drained  soil* 
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At  the  present  time  there  are  seven 
varieties  of  soy  beans,  handled  by  American 
seedmen,  although  in  the  past  five  years,  over 
two  hundred  additional  varieties  have  been 
brought  to  this  country  from  China  and  Japan. 
The  most  important  varieties  are  as  follows :- 
(1)  Mammoth  yellow;   (2)  Austin,  greenish 
yellow;   (3)  Kingston;   (4)  Ito  San,  yellow; 
(5)  Guelph,  green;   (6)  Medium  yellow;   (7) 
Wisconsin  black.   Many  of  the  newest  varieties 
have  proved  their  worth  and  will  no  doubt  re- 
place many  of  the  above  with  the  exception  of 
the  Mammoth  and  the  Ito  San. 

In  the  United  States,  the  varieties  are 
usually  designated  by  the  time  of  reaching 
maturity  and  the  color  of  the  seed.   The  "Early 
;Vhite"  is  excellent  in  the  North,  where  the 
growing  season  is  short.   Medium  Early  Green 
and  Black  are  other  varieties  favored  in  the  New 
England  and  Central  States,  respectively. 

As  to  the  yields  obtained  by  the  Manchurian 
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farmer,  there  is  considerable  variation  in 
the  figures  given  by  different  authorities. 
Bean  experts  estimate  the  yield  from  1,100  to 
1,600  pounds  to  the  acre,  commercial  authorities 
from  1600  to  1,800  pounds,  and  Japanese  agricul- 
tural experts  from  400  to  2,000pounds.   In  the 
best  bean  producing  districts,  the  average  yield 
is  said  to  be  more  than  1,800  pounds.   No  reli- 
able statistics  as  to  the  cost  of  production  are 
available,  but  according  to  data  secured  from 
bean  growers,  the  approximate  cost  per  acre  is 
placed  at  $4.42. 

The  yields  of  seed  to  the  acre  in  various 
sections  of  the  United  States  range  from  about 
900  pounds  in  the  Northern  states  to  about  2,400 
pounds  in  the  northern  half  of  the  cotton  belt. 
The  average  yield  in  eastern  North  Carolina  is 
1,500  pounds. 

The  growing  and  handling  of  soy  beans  are 
accomplished  almost  entirely  by  machinery  in  this 
country.   In  large  bean  growing  districts,  special 
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harvesters  for  gathering  the  seed  In  the  field 
are  used  quite  successfully.   The  cost  of  pro- 
duction varies  from  $7.50  to  $12« 00  per  acre. 
The  market  price  per  bushel  of  seed  ranges  from 
$1.00  in  large  seed  producing  sections  of  the 
South  to  |3.00  a  bushel  in  the  Central  and  P.lid- 
dle  states. 

The  methods  used  in  extraction  of  oil  from 
the  soy  bean  are  similar  to  those  employed  with 
other  oil  seeds  as  cotton  and  linseed.   The 
method  of  extracting  oil  in  the  Manchurian  mills 
is  decidedly  primitive.   A  solvent  process  of 
extraction,  involving  the  use  of  benzine,  has 
been  employed  in  the  Manchurian  mills.   The 
efficiency  of  this  process  is  about  95/b,  as 
compared  to  50;6  by  the  hydraulic  process. 

In  the  United  States,  two  methods  of  oil 
extraction-  the  hydraulic  and  the  expeller 
processes  are  used  by  the  oil  mills.  Analyses 
of  cake  produced  by  these  methods  show  about 
9%   of  oil  by  hydraulic  method  and  from  4-6% 
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by  the  expeller  method.   Extensive  tests  with 
domestic  beans  indicate  that  one  ton  of  seed 
will  yield  by  the  expeller  process  an  average 
of  30  gallons  of  oil  and  1,600  pounds  of  meal, 
the  difference,  about  175  pounds,  representing 
the  loss  due  to  cleaning  and  the  evaporation  of 
moisture. 

The  oil  extracted  from  the  soy  bean  be- 
longs to  the  semi-drying  class  of  oils;  that 
is,  having  properties  intermediate  between  dry- 
ing oils,  such  as  linseed  oil  and  non-drying 
oils  such  as  olive  oil.   This  oil  has  a  good 
color,  has  but  a  faint  odor,  and  is  rather  pal- 
atable.  In  many  respects  it  resembles  cotton- 
seed oil,  but  is  of  a  more  pronounced  drying 
character.   With  the  rapid  growth  of  the  soy 
bean  industry  many  new  trade  uses  for  the  oil 
have  been  found,  and  on  account  of  its  lower 
cost,  it  has  become  an  important  competitor  of 
other  vegetable  oils. 

One  of  the  principal  uses  of  the  oil  in 
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Asiatic  countries,  chiefly  China,  is  for  food, 
it  being  consumed  largely  in  the  crude  state  by 
the  poorer  classes.   The  oil  is  also  utilized 
in  the  Orient  in  the  manufacture  of  foodstuffs, 
paints,  soap,  varnish,  and  for  lubricating  and 
lighting.   To  some  extent  it  is  being  refined 
and  marketed  as  an  edible  table  oil,  a  blend 
for  salad  oil  and  in  the  manufacture  of  butter 
substitutes.   In  the  United  States,  large  quan- 
tities of  the  oil  are  used  in  the  manufacture 
of  certain  types  of  paints,  linoleum,  and  rubber 
substitutes. 

The  meal  remaining  after  the  oil  is  ex- 
tracted is  bright  yellow  in  color  and  has  a 
sweet,  nutty,  flavor.   It  has  become  important 
as  a  human  food  in  European  countries.   Soy  bean 
meal,  in  addition  to  its  use  as  a  fertilizer, 
is  also  used  as  stock  feed.   Like  cottonseed 
meal,  soy  bean  meal  contains  considerable  amounts 
of  phosphoric  acid  and  potash,  a  large  proportion 
of  which  is  available,  but  it  is  principally  val- 
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ued  in  fertilizers  as  a  source  of  nitrogen. 
Soy  beans  at  most  contain  but  a  slight  trace 
of  starch  and  makes  a  valuable  food  in  a  low 
starch  diet* 

A  milk  may  be  obtained  by  boiling  the 
ground  bean  or  meal  with  water  and  filtering. 
The  white  and  opaque  liquid  resembles  cow*s 
milk.   It  has  been  used  in  the  United  States 
for  cooking  purposes  and  may  be  used  by  bakers 
and  confectioners.   It  can  be  used  both  in  the 
fresh  and  condensed  state.   The  analysis  of  the 
soy  bean  milk  shows  the  percentage  of  albuminoids, 
fat,  and  ash  to  be  much  the  same  as  in  cow's  milk. 

Quantity  of  imports  of  soy  beans,  soy  bean 
cake,  and  soy  bean  oil  into  the  United  States. 
Year     Beans       Bean  Cake      Bean  Oil 

1913  7,004,800     12,000,000  # 

1914  1,930,000     3,164,000     16,360,000 

1915  3,837,000     5,975,000     19,206,000 
In  normal  times,  the  market  value  of  soy 

beans  is  $40.00  per  ton,  of  soy  bean  cake  .^33.00, 
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per  ton,  and  of  soy  bean  oil  $90.00. 

An  average  analysis  of  the  seven  important 
varieties  of  soy  beans  is  as  follows :- 

Water  7.70,^ 

Protein 37.40 

Fat 18. 35 

Nitrogen  free  extract 26.15 

Fiber 4.60 

Ash 5.79 


»  * 
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CASEIN  FROM  MILK 
Casein  belongs  to  that  great  family  of 
nitrogenous  organic  compounds  called  proteins. 
In  the  modified  form  of  cheese,  casein  from 
cow's  milk  has  been  used  as  a  food  from  the 
earliest  times,  but  its  chemical  composition 
and  manifold  uses  in  the  technical  world  were 
not  known  till  recent  years. 

Casein  exists  in  milk  in  the  form  of  a 
colloidal  suspension  or  emulsion,  not  in  the 
free  state  but  in  combination  with  calciumo 
Haramarsten,  who  first  investigated  this  sub- 
stance, called  it  calcium  caseinogenate.  He 
used  the  name  caseinogen  for  the  protein  mole- 
cule as  it  existed  naturally  in  milk  and  cas- 
ein for  the  precipitated  or  coagulated  substance. 
The  calcium  caseinogenate  envelopes  the  butter 
fat  globule  and  together  with  the  calcium  phos- 
phate emulsifies  it. 

The  casein  molecule  consists  of  six  elements: 
carbon,  52.96^J  hydrogen,  7.04^;  nitrogen,  15.6^; 


.    1 
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oxygen,  22.78^;  sulphur,  0.8^;  phosphorus, 
0.82^.   Hammarsten  gives  the  following  formula 

for  casein,  viz.  :   Ci72^274^44^^^55*   "^^^  inner 
grouping  of  these  atoms  is  still  unknown. 

Casein  exists  in  cow's  milk  to  the  extent 
of  about  3.5^  and  forms  80;^  of  the  entire 
protein  content.   Commercial  casein  is  prepared 
almost  exclusively  from  cow's  milk.   Casein  is 
a  perfectly  white,  ashless,  hygroscopic  powder, 
but  under  certain  conditions  it  can  be  made  in 
the  form  of  glassy,  transparent  grains. 

Casein  can  be  precipitated  from  milk  or 
other  solutions  by  the  addition  of  very  dilute 
acids  in  slight  excess,  this  being  the  only 
method  of  obtaining  it  in  the  free  state.   There 
are  certain  other  precipitants,  but  in  this  case 
the  casein  is  obtained  in  the  modified  form, 
either  in  combination  with  the  precipitant  or 
as  the  original  calcium  caseinogenate.   Solutions 
of  the  salts  of  the  heavy  metals  precipitate  the 
corresponding  salt  of  casein  with  that  metal. 
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Saturation  with  neutral  salt  or  alcohol  gives 
a  precipitate  of  calcium  caseinogenate* 

The  addition  of  dilute  acids  decompose  the 
calcium  caseinogenate  with  the  formation  of  the 
calcium  salt  of  the  acid  and  the  precipitation 
of  free  casein.   The  addition  of  enzymes  is 
more  complicated.   Rennet  enzymes  precipitate 
cheese,  which  is  not  free  casein,  but  the  calcium 
salt  of  the  casein  molecule  called  paracasein. 
Rennet  will  not  act  except  in  the  presence  of 
soluble  lime  salts,  which  ordinarily  occur  in 
sufficient  quantities  in  milk. 

Casein  is  readily  soluble  in  dilute  aqueous 
solutions  of  the  caustic  alkalies,  the  normal 
and  acid  carbonates  and  alkaline  earths,  and  in 
moderately  strong  acids.   It  breaks  into  simpler 
compounds  by  hydrolysis  if  the  above  solvents 
are  used  in  excess.   It  is  practically  insoluble 
in  alcohol,  ether  and  water. 

Casein  is  at  least  a  tetrabasic  acid,  but 
like  nearly  all  other  compounds  containing  the 
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amino  group,  it  can  act  also  as  a  base.   There- 
fore, it  forms  salts  with  both  acids  and  bases. 
The  following  salts  of  casein  with  the  alkali 
bases  have  been  prepared.   Ca,  Na,  K,  NH^,  Gu, 
Fe,  Mg,  Hg.  A.11  soluble  salts  of  casein  can  be 
rendered  insoluble  by  treatment  with  formaldehyde, 
soluble  chroraates  or  hexaraethylenetetramine.   In 
the  dry  or  moist  condition  free  casein  is  suscep- 
tible to  high  temperatures.   Its  solutions  are 
not  coaguable  by  heat,  are  laevo  rotatory  to  polar- 
ized light  and  can  be  boiled  without  alteration. 

One  of  the  principal  requirements  of  technical 
casein  is  freedom  from  fats.   Sweet  milk  is  put 
through  a  centrifugal  cream  separator  and  then 
5fo   of  caustic  alkali  in  solution  or  10^  sodium 
bicarbonate  is  added.   The  solution  is  slightly 
warmed  and  put  through  the  separator  again,  thus 
removing  practically  all  the  fats.   The  milk  is  run 
into  a  vat  and  dilute  hydrochloric  acid  is  added 
and  the  solution  constantly  stirred.  Acid  is  added 
until  small  samples  tested  with  acid  show  complete 
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precipitation.   The  supernatant  liquor  is  then 
siphoned  off  and  the  curd  stirred  up  with  cold 
water,  allowed  to  settle  and  the  water  siphoned 
off  as  before.   This  is  repeated  until  the  super- 
natant liquor  is  neutral. 

The  curd  is  placed  on  cheese  cloth  filters 
or  allowed  to  drain  on  sloping  tables.   It  is 
put  into  strong  cloths  and  pressed  in  a  cheese 
press  until  no  more  water  comes  away.   The  curd 
must  then  be  dryed,  and  in  order  to  facilitate 
this  process,  it  is  necessary  to  break  it  up 
into  small  pieces.   This  is  done  by  passing  the 
curd  between  toothed  rollers.   Since  casein  is 
susceptible  to  heat  it  must  be  dryed  at  a  very 
low  temperature.   This  is  accomplished  best  by 
means  of  a  vacuum  dryer  which  consists  of  a 
steam  jacketed  outside  cylinder  and  a  concentric 
revolving  inside  driim  heated  by  live  or  exhaust 
steam.   Stirring  blades  are  attached  to  the 
inside  drum,  the  casein  is  dryed  between  the  in- 
side drum  and  the  outside  cylinder  and  is  kept 
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in  constant  motion  by  the  stirring  blades.   A 
high  vacuxim  is  produced  by  an  air  pump  after  the 
apparatus  has  been  charged  through  a  manhole. 

Well  dryed  casein  will  keep  indefinitely  if 
properly  protected  from  moisture.   Since  some 
of  the  bacteria  from  the  milk  must  inevitably 
find  their  way  into  the  casein  or  outside  bacte- 
ria contaminate  it,  the  least  amount  of  moisture 
will  start  decomposition.   Many  manufacturers 
sprinkle  a  few  c.c  of  alcohol  into  each  container, 
the  alcohol  vaporizing  gradually  and  inhibiting 
the  growth  of  bacteria. 

The  application  of  casein  preparations  in 
the  arts  may  be  briefly  summarized  as  follows: 

Painting  materials;  adhesives,  putties, 
etc. ;  plastic  materials  as  a  substitute  for  horn, 
ivory,  celluloid,  bone,  etc.,  manufacture  of 
insulating  materials,  tubes,  rods,  etc.;  as  a 
medium  for  fixing  colors  in  textiles;  for  water- 
proofing papers,  washable  wall  paper,  boxes, 
cartridge  cases;  miscellaneous  uses  such  as  paint 
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removers,  shoe  polishes,  photographic  plates, 
preparation  of  artist's  canvas,  solidifying 
mineral  oils,  soap  making,  massage  creams, 
imitation  leather,  surgical  bandages,  etc.   It 
can  thus  be  seen  that  the  uses  are  practically 
without  limit. 

The  colloidal  character  of  casein  renders 
it  especially  useful  as  an  adhesive.   Its  true 
solutions  are  not  colloidal  and  therefore  are 
neither  viscous  nor  adhesive.   The  adhesive 
qualities  can  be  imparted  to  casein  solutions 
by  the  addition  of  tannin.   Dried  casein  in 
an  equal  weight  of  water,  when  added  to  a  hot 
saturated  solution  of  borax  forms  a  thick 
mucilagenous  dough.   These  adhesives  are  put 
on  the  market  in  two  forms,  liquid  and  as  a 
dry  powder. 

Casein  is  similar  to  other  compounds  having 
strong  adhesive  properties  in  that  a  great  vari- 
ety of  plastic  masses  can  be  made  from  it.   It 
can  be  used  either  alone  in  the  form  of  a  white 
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powder  or  in  an  alkaline  solution,  together 
with  other  substances  such  as  bone  dust,  paper, 
powdered  stone,  etc.   These  mixtures  possess 
the  property  of  becoming  very  plastic  under  the 
influence  of  heat  in  which  condition  they  can 
be  worked.   It  has  the  same  properties  as  cel- 
luloid but  is  not  Inflammable. 

The  paper  industry  presents  a  large  field 
for  the  use  of  casein.   It  may  be  used  as  a 
waterproofing  agent  when  exposed  to  formaldehyde 
vapors,  as  a  sizing  for  paper  when  mixed  with 
finely  divided  magnesia  or  lime. 

When  textile  fabrics  are  impregnated  with 
a  solution  of  casein,  the  fibre  becomes  coated 
with  a  thin  layer  of  casein  which  materially 
increases  the  absorption  of  the  dyestuffs  of 
the  bath.   It  thus  acts  as  a  mordant  for  the 
colors.   When  used  alone,  it  acts  as  a  loading 
or  softening  cgent  for  silk  and  cotton  goods  and 
renders  the  cloth  more  impervious  to  water. 

Special  preparations  of  casein  are  used  as 
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concentrated  foods  sold  under  the  various  trade 
names  as  Sanatogen,  Nutrose,  etc.   Casein  com- 
pounds are  very  useful  as  a  means  of  administer- 
ing medicinal  agents  such  as  salicylates,  alkaloids, 
lithium,  mercury,  iron,  etc. 
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ANALYSIS   OF  SOY  BiiAN.       ( ITO  SAN) 

Moisture    8.10^ 

Protein 45.10 

Pat 16.74 

Ash 3.42 

Fibre 4.87 

Carbohydrates 21.77 

(by  difference)     


Total 100. 00^ 
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CASEIN  FROM  SOY  BEANS 
Casein  is  found  in  the  milk  of  mammals 
and  in  the  juices  and  seeds  of  certain  legu- 
minous plants.   A  survey  of  leguminous  seed 
plants  shows  that  soy  beans  contain  the  highest 
percent  of  proteins,  contain  an  easily  extract- 
ed oil  which  has  found  many  industrial  applica- 
tions, and  is  also  the  cheapest  source  of  seed 
proteins.   Therefore,  the  authors  have  selected 
the  soy  bean  as  the  source  of  raw  material. 

Our  investigations  show  that  the  production 
of  casein  from  soy  beans  involves  five  distinct 
problems,  namely: 

(1)  Extraction  of  the  oil 

(2)  Determination  of  solvent  for  the  protein 

(3)  Filtration  of  extract 

(4)  Precipitating  and  centrifuging  casein 

(5)  Drying  casein 

The  equipment  employed  in  the  industrial 
laboratory  consists  of  an  exhaust  steam  dryer; 
small  vacuum  dryer;  steel  rolls;  burr  stone  mill; 
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hydraulic  press;  cooker;  filter  press;  and 
centrifuge. 

The  beans,  as  received,  were  high  in 
moisture  and  therefore  could  not  be  satis- 
factorily ground.   Portions  were  spread  on  3* 
X  2-|*  screens  and  placed  in  the  exhaust  steam 
drying  chamber  for  eight  hours.  A  batch  of 
27#  of  beans  lost  two  pounds  during  the  drying, 
equal  to  7.5^  loss  in  moisture.   The  large 
dryer  used  has  a  capacity  of  250  pounds  per 
hour.   It  is  6'  X  6'  X  3*  wide  and  lined  with 
galvanized  iron.   The  exhaust  steam  passes 
through  24  7/8"  pipes  extending  the  length  of 
the  dryer.   These  pipes  were  arranged  to  serve 
as  shelves.   Spaced  between  these  pipes  were 
2§"  perforated  pipes  carrying  air. 

The  dryed  beans  were  put  through  the  coarse 
rolls;  the  distance  between  rolls  being  about 
one-eighth  of  an  inch  or  the  minimum  dimension 
of  the  bean.   This  resulted  in  a  cracking  action 
in  which  the  husks  were  broken  away  from  the 
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kernels.   The  rolls  are  5"  diameter,  15"  long, 
and  hollow.   They  are  belt  driven  from  the  main 
shaft* 

During  this  operation  the  kernels  were 
partly  broken  and  in  order  to  obtain  a  fine  meal, 
they  were  next  sent  through  the  burr  stone  mill, 
from  which  the  meal  was  passed  through  the  rolls, 
the  distance  between  the  rolls  being  the  minimum. 
The  mill  is  made  of  a  solid  ten  inch  stone  which 
revolves  and  above  which  is  a  stationary  stone 
periphery  two  inches  wide. 

1.  EXTRACTION  OF  THE  OIL 
The  method  first  applied  was  to  subject  the 
meal  to  pressure  in  the  hydraulic  press.   The 
hydraulic  piston  is  six  inches  in  diameter,  the 
pressure  being  transmitted  by  a  heavy  oil.   The 
platform  on  the  piston  is  a  12"  x  12"  x  12"  cast 
iron  plate.   The  total  pressure  applied  was  thirty 
tons  for  a  period  of  two  hours.   This  cold  press- 
ing resulted  in  a  small  extraction  of  oil.   The 
frame  employed  consisted  of  four,  two  inch  steel 


30. 


PRODUCTION  OF  VEGETABLE  CASEIN 
blocks  bolted  together  leaving  an  area  of 
twenty -four  square  inches.   The  depth  of  frame 
is  two  and  a  half  inches.   When  the  pressure 
was  released  and  the  cake  removed,  it  was  found 
that  the  oil  had  been  squeezed  from  the  middle 
to  the  edges  of  the  cake.   The  area  from  which 
the  oil  had  been  thoroughly  extracted  was  so 
small  that  the  process  was  not  found  feasible. 
If  the  frame  were  larger,  the  outer  layers  of 
the  cake  could  be  removed  by  cutters  and  then 
re-pressed  as  is  done  in  the  hydraulic  press- 
ing of  linseed. 

In  order  to  obtain  a  more  efficient  extrac- 
tion of  oil,  a  volatile  solvent  was  used.   Leach- 
ing was  tried  and  carried  out  by  placing  the 
ground  bean  in  a  percolator  and  allowing  solvent 
naphtha  to  percolate  through.   Owing  to  the 
large  quantity  of  solvent  required  to  wet  the 
meal  before  any  solvent  could  percolate  through, 
and  also  to  the  rapid  evaporation  of  solvent, 
this  method  was  replaced  by  one  wherein  the  meal 
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was  allowed  to  stand  in  contact  with  twice  its 
weight  of  solvent  for  fifteen  hours  in  a  corked 
vessel.   The  solvent  above  the  meal  was  poured 
off  into  a  distilling  flask  and  the  remaining 
solvent  in  the  meal  squeezed  out.  A  recovery 
of  the  oil  and  solvent  was  made  by  distillation, 
the  oil  remaining  as  a  residue  in  the  flask. 
The  efficiency  of  solvent  recovery  was  75^;  10^ 
of  oil  being  extracted.  A  small  portion  of  oil 
free  meal  was  thus  obtained  for  experiment. 
The  only  logical  method  for  extraction  of  the 
oil  commercially  would  be  by  the  use  of  the 
Anderson  Expeller  Mill,  in  which  the  mill  is 
forced  by  a  screw  through  a  conical  grating  and 
the  meal  cake  coming  out  at  the  end  of  the  ex- 
peller. 
2.  DETERMINATION  OP  THE  SOL^^ENT  FOR  THE  PROTEIN 
A  brief  study  of  the  solubility  of  vegetable 
proteins  shows  them  to  be  soluble  in  water,  saline 
solutions,  acids,  alkalies,  and  alcohol.   Quan- 
titative runs  were  made  on  portions  of  meal  of 
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300  grams  each,  using  the  following  solvents :- 

1.  Tap  water 

2.  Sodium  chloride 

3.  Borax 

4.  Caustic  soda 

5.  Hydrochloric  acid 

Analysis  for  protein  on  the  original  bean 
and  on  the  extracted  portions  shows  that  the 
most  efficient  solvent  is  borax.  For  the  deter- 
mination of  proteins,  the  Kjeldahl  method  was 
used.   In  this  method  the  meal  is  heated  strongly 
with  sulphuric  acid  which  oxidizes  the  organic 
matter  and  converts  the  nitrogen  into  ammonium 
sulphate.   The  ammonia  is  distilled  with  caustic 
soda,  collected  in  standard  acid,  and  excess 
acid  is  determined  by  titration.   The  follow- 
ing page  gives  the  results  of  the  analysis. 

The  method  employed  in  the  cooking  of  the 
meal  was  to  place  100  grams  of  the  ground  meal 
in  a  one  half  gallon  (enameled)  pail  and  cook 
by  direct  heat.   The  meal  was  considerably  charred. 
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DETERMINATION  OF  PROPER  SOLVENT, 

Sample  -  300  grams. 

Protein  in  the  original  bean 46.10^ 

SOLVENT  Protein  after  extraction 

(1)  Tap  water  42*04 

(2)  NaCl-5^  40.74 

(3)  Borax-55  39.39 

(4)  NaOH-  .5%  41.44 

(5)  Acid-  ,1%  0 

The  apparent  high  %   of  protein  in  the  ex- 
tracted meal  is  due  to  the  fact  that  about  5% 
of  fat  is  extracted,  with  probably  small  percent- 
ages of  other  constituents  remaining  in  solution, 
after  precipitation  with  acetic  acid.   The  percent- 
ages of  protein  are  calculated  back  to  an  8%   mois- 
ture basis. 
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The  use  of  water  baths  was  not  feasible  owing 
to  the  slowness  of  heating.   The  method  adopted 
was  to  force  exhaust  steam  into  the  meal  to 
which  a  little  water  had  been  added*   The  exhaust 
steam  heating  proved  very  satisfactory  because 
the  cooking  was  rapid,  and  agitation  of  the  meal 
kept  it  in  suspension  during  the  cooking  operation 
and  not  allowing  it  to  settle  to  the  bottom- 
Larger  operations  were  carried  out  in  ten  gallon 
pails  with  1000  grams  of  meal.   Cooking  was  con- 
tinued for  one  hour  when  the  volume  of  water  had 
increased  to  about  nine  gallons  owing  to  the 
condensed  steam. 

3.  FILTRATION  OP  EXTRACT 
After  the  ground  meal  has  been  extracted  for 
the  proteins,  the  entire  bulk  of  solution  and 
meal  was  allowed  to  settle  and  the  supernatant 
liquor  siphoned  off.   The  extracted  portion  of 
bean,  running  fairly  high  in  nitrogen  content  can 
be  dried  and  utilized  as  a  cattle  feed. 
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The  liquor  siphoned  off  had  a  milky  appear- 
ance and  contained  in  suspension,  minute  par- 
ticles of  the  ground  bean.   Prolonged  standing 
did  not  tend  to  clear  the  solution  as  it  was  of 
a  colloidal  nature.   Centrifuging  at  2000  R.P.M. 
was  unsuccessful.  As  a  first  means  of  obtain- 
ing a  clear  solution,  a  filter  press  of  the 
Sweetland  type  was  used.  A  description  of  the 
press  is  as  follows:  The  material  to  be  filter- 
ed was  placed  in  a  cast  iron  Monte-Jus  of  one 
half  gallon  capacity.   The  Monte-Jus  was  provided 
with  a  machined  top  and  gasket,  and  was  held  firm 
in  place  by  a  steel  clamp.   The  pressure  for  opera- 
tion was  supplied  from  an  air  tank  of  capacity  of 
100#  per  square  inch.   Pressure  regulation  was 
controlled  in  the  tank  by  means  of  a  double  stage 
air  pump,  steam  driven.   The  Sweetland  press  con- 
sisted of  a  cast  iron  chamber,  rectangular  in 
shape  6"  x  6"  x  8"  deep.  A  tight  fitting  cover 
and  gasket  were  held  in  place  by  four  bolts. 
The  filtering  medium,  was  a  frame  4"  x  6"  over 
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which  was  tightly  stretched  a  canvas  in  such 
a  way  as  to  form  a  wedge  shaped  bag.   The  frame 
and  canvas  fit  into  the  cover  of  the  press  and 
connect  to  a  delivery  pipe. 

The  operation  of  the  press  was  to  fill  the 
Monte-Jus  to  capacity  and  seal  it.   The  pressure 
from  the  tank  was  then  turned  on  and  the  milky 
liquid  forced  through  the  pipe  line  to  the  press, 
where  the  larger  particles  were  caught  on  the 
canvas  while  the  liquor  passed  through  and  out 
the  delivery  tube. 

The  Sweetland  press  was  found  to  be  unsat- 
isfactory.  First  the  canvas  was  too  coarse  and 
allowed  the  colloidal  particles  to  pass  through, 
giving  a  milky  filtrate.   Second,  the  filtration 
was  rapid  for  the  first  few  minutes  after  which 
it  proceeded  at  so  slow  a  rate  as  to  make  the 
filtration  of  even  small  portions  of  solution 
a  long  and  tedious  process.   Upon  inspection  of 
the  canvas  after  filtration,  we  found  it  to  be 
covered  with  a  gummy,  albuminous  substance,  which 
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made  the  filtering  medium  impervious.   The 
third  objection  to  the  press  was  its  size.   It 
is  necessary  to  have  the  receptacle  which  holds 
the  canvas  bag  filled  with  liquid  before  there 
is  any  delivery  of  filtrate.   With  a  volume  of 
the  press  approximately  equal  to  that  of  the 
Monte-Jus,  it  was  necessary  to  use  twice  the 
original  amount,  because,  while  the  Monte-Jus 
became  empty,  the  filtering  chamber  itself  was 
nearly  full.   The  pressure  then  would  become 
equalized  on  both  sides  of  the  canvas  bag  and 
filtration  would  cease.  Repeated  trials  with 
the  Sweetland  finally  lead  to  the  adoption  of 
a  plate  and  frame  press. 

The  plate  and  frame  press  consisted  of 
four  sets  of  plates  and  frames  6"  in  diameter. 
The  filtering  medium  employed  was  a  felt  cloth 
about  1/I6  inch  thick.   The  same  Monte-Jus 
and  attachments  were  used  as  in  the  Sweetland 
press.  A  difficulty,  identical  with  that  found 
in  our  previous  filter  pressing  was  encountered 
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here,  that  is,  the  cloths  soon  became  coated 
with  a  gelatinous  mass.  As  a  means  of  remedy- 
ing this,  use  was  made  of  "Kleselguhr" .  An 
eighth  of  a  pound  of  Kleselguhr,  mixed  with  a 
gallon  of  solution,  was  placed  in  the  Monte- 
Jus  with  the  valve  just  before  the  press  closed. 
The  Kleselguhr  was  in  a  state  of  suspension 
and  when  the  pressure  was  admitted,  and  the  feed 
valve  opened,  the  Kleselguhr  prevented  the  accu- 
mulation of  the  slimy  matter  on  the  felt.   Good 
clear  filtrates  were  obtained  and  it  is  our 
opinion  that  the  plate  and  frame  press  with  felt 
cloths  aided  by  a  material  such  as  Kleselguhr 
offers  the  logical  method  of  filtration. 

It  would  be  interesting  to  use  a  porous 
stone  or  a  continuous  filter  like  the  Oliver 
type.   Under  no  circumstances  will  the  filtrate 
be  brilliant  and  water-white,  because  of  the 
colloidal  character  of  the  extract. 
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4.  PRECIPITATING  AND  CKNTRIFUGING  CASEIN. 

Either  the  filtered  solution  or  the  superna- 
tant liquid  from  the  cooking  operation,  which 
resembled  milk,  was  precipitated.   The  precip- 
itants  used  were  the  mineral  and  the  weak  organ- 
ic acids,  such  as,  acetic,  tartaric,  formic  and 
lactic.   The  character  of  the  precipitate  was 
independent  of  temperature,  the  mineral  acids 
and  acetic  and  tartaric  acids.   The  amount  of 
mineral  acids  required  in  all  cases  for  precip- 
itation was  much  greater  than  acetic  acid.  Five 
pounds  of  filtered  solution  required  .S  pound 
concentrated  HCl,  sp.  gr.  1.2,  for  complete 
precipitation;  while  the  same  amount  of  filtered 
solutions  required  .01  pound  of  acetic  acid 
(100^). 

The  precipitate  was  heavy,  pure  white,  and 
presented  much  the  same  appearance  as  a  ferric 
hydroxide  precipitate.   Upon  gently  stirring 
the  precipitate,  it  broke  down  into  very  fine 
particles.   Heat  did  not  tend  to  coagulate  the 
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precipitate.  Lactic  and  formic  acids  both 
yield  colloidal  precipitates  which  we  were 
unable  to  handle. 

The  precipitate  was  allowed  to  settle, 
the  supernatant  liquid  drawn  off  and  the 
precipitate  washed  twice  with  warm  water. 
After  finally  drawing  off  the  wash  water,  the 
precipitate  was  centrifuged  at  2000  R.P.M.  for 
five  minutes. 

Prom  the  appearance  of  the  precipitate, 
filtration  through  canvas  in  an  ordinary  filter 
press  seemed  logical.   Both  canvas  and  felt 
cloths  were  used,  colloidal  particles  passing 
through  in  each  case.   After  a  short  period, 
filtration  ceased  due  to  the  formation  of  a 
slimy  coating  similar  to  that  encountered  in 
the  filtration  of  the  cooked  meal.   Owing  to 
these  facts  centrifuging  was  adopted. 

5.  DRYING  CASEIN 
The  drying  of  the  casein  presented  the 
greatest  difficulty.   The  wet  casein  was  spread 
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out  on  8"  X  12"  drying  pans  in  a  thin  layer 
and  placed  in  the  vacuum  dryer.   The  vacuum 
dryer  is  a  cast  iron  compartment  1^'  x  2'  x  1-|' 
high,  fitted  with  two  drying  shelves-   The 
dryer  is  heated  by  exhaust  steam;  the  vacuum  is 
obtained  by  a  water  cooled  centrifugal  pump 
belt  driven.   With  a  vacuum  of  22"  mercury  and 
45°  C,  the  product  changed  from  a  wet,  white 
condition  to  a  dark  brown,  horny  mass.   If  the 
product  be  allowed  to  remain  in  the  trays  exposed 
to  the  air,  the  same  results  were  obtained. 
This  would  indicate  that  the  dark  color  is  prob- 
ably due  to  an  oxidation  and  not  an  overheating. 

As  the  vacuum  dryer  proved  unsuccessful 
for  obtaining  a  white  product,  the  product  was 
dryed  on  the  steam  rolls.   The  product  thus  ob- 
tained was  much  lighter  in  color  but  still  was 
not  sufficiently  light  in  color  to  warrant  its 
use  in  the  industries.   On  a  commercial  scale 
one  of  two  types  of  dryers  could  probably  be 
used;  steam  rolls  in  vacuo  or  a  hot  air  chamber 
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through  which  a  spray  of  material  falls.   Both 
of  these  dryers  are  used  in  the  dryed  milk 
industry. 
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Our  investigation  shows  that  the  production 
of  vegetable  casein  from  soy  beans  is  a  highly 
technical  problem.   The  chemistry  of  the  problem, 
such  as  the  determination  of  the  proper  solvent 
and  precipitant,  has  been  worked  out,  and  the 
adaptation  of  the  proper  types  of  machinery,  such 
as  for  filtering,  separating,  and  drying,  remains 
to  be  made* 

In  our  work,  the  raw  material  was  the  whole 
bean.   Commercially,  the  raw  material  should  be 
the  soy  bean  cake  after  the  oil  has  been  extract- 
ed.  This  not  only  gives  a  cheaper  source  of 
raw  material,  but  also  eliminates  the  various 
problems  of  oil  extraction. 

Owing  to  the  small  quantity  of  dried  casein 
obtained  per  pound  of  meal,  the  extracted  meal 
must  be  utilized.   This  meal  still  contains  about 
55%   protein  and  2%   of  potash  and  phosphoric  acid. 
This  would  make  an  excellent  fertilizer  or  cattle 
food. 

At  the  present  time,  the  soy  bean  is  utilized 
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for  Its  oil,  and  the  meal  cake  sold  as  a  cattle 
food  or  fertilizer.   In  our  process,  a  small 
percentage  of  protein  is  to  be  extracted  from 
the  meal  and  the  remaining  cake  can  be  utilized 
in  the  same  manner  as  the  original  meal.   There- 
fore, the  cost  of  raw  material  is  at  a  minimum. 
The  raw  material  is  cheap  and  the  amount  of 
chemicals  used  is  small.   The  mechanical  details 
will  involve  the  greatest  cost.   The  production 
of  vegetable  casein  from  soy  bean  meal  appears 
to  be  commercially  feasible. 
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